We present a new technique for tagging heavy-flavor jets with p T > 500 GeV called "µ x tagging." Current track-based methods of b-jet tagging lose efficiency and experience a large rise in fake rate in the boosted regime. Using muons from B hadron decay, we combine angular information and jet substructure to tag b jets, c jets, light jets, and "light-heavy" jets (those containing B hadrons from gluon splitting). We find tagging efficiencies of b = 14%, c = 6.5%, light−light = 0.14%, and light−heavy = 0.5%, respectively, that are nearly independent of transverse momentum at high energy. We demonstrate the usefulness of this new scheme by examining the discovery potential for multi-TeV leptophobic Z bosons in the boosted-b-tagged dijet channel at the Large Hadron Collider.
I. INTRODUCTION
Searches for new narrow massive vector current particles, generally called Z or W bosons, are a main focus of the exotics groups in experiments at the Large Hadron Collider (LHC).
These particles arise in many extensions of the standard model (SM), such as the sequential standard model [1] , broken SU(2) L × SU(2) R symmetry [2] [3] [4] , grand unified models [5] [6] [7] , Kaluza-Klein excitations in models of extra dimensions [8, 9] , non-commuting extended technicolor [10] , general extended symmetries [11, 12] , and more.
Using 8 TeV LHC data, the ATLAS [13] and CMS [14] collaborations set bounds on many types of Z bosons that decay to dileptons below around 2.9 TeV. A more challenging search is for leptophobic gauge bosons, such as a top-color Z boson, which is excluded up to 2.4 TeV [15] [16] [17] , or a right-handed W boson, which is excluded for SM-like couplings up to 1.9 TeV [18, 19] . This latter boson is most strongly constrained by the W → tb final state [20, 21] .
Flavor tagging such states becomes challenging in searches for vector boson resonances above 1.5 TeV, where dijet signals contain boosted-top jets [22] [23] [24] [25] [26] [27] [28] [29] [30] and boosted-bottom jets [21, 31, 32] . For example, the systematic uncertainties in b-tagging efficiency and fake rates dominate the current W → tb limits, and have so far closed the Z → bb searches from consideration. This is evident in the ATLAS W searches [33, 34] , which found a 35% uncertainty in the b-jet tagging efficiency for jets with p T above 500 GeV (i.e. M W 1
TeV). This is mainly driven by a lack of clean samples of high-p T b jets tagged with a complementary method, which are necessary to cross-check the signal/background efficiencies of the b tags [35] [36] [37] . Most concerning is the dramatic rise of the b-tagging fake rate for jets initiated by light quarks as jet transverse momentum p T → O(TeV) [38] . For instance, a CMS search for exotic resonances above 1.2 TeV encountered fake rates above 10% per jet [39] .
This paper proposes an improvement to the boosted-bottom-jet tag first proposed in
Ref. [21] . Here, the focus is on b quarks which are themselves highly boosted, instead of boosted topologies which contain bottom quarks (e.g., boosted t → W b or H → bb).
In Sec. II we explain why existing tagging methods are insufficient at high energies, and then derive from first principles a muon-based tag we call µ x boosted-bottom-jet tagging.
In Sec. III we present the µ x tagging efficiencies for bottom and charm flavored jets, along with small light-jet fake rates, using a detailed simulation based on the ATLAS detector.
In order to determine the efficacy of this µ x tag for new physics searches, we perform a full signal and background study for a leptophobic Z boson [11, 12] . This model assumes a flavor-independent Z B gauge coupling to SM quarks
and demonstrates the power of our new boosted-bottom tag. We conclude in Sec. V with a discussion of other searches for physics beyond the standard model that this tag enables, and experimental information that could further improve the fake rejection for our algorithm. Modern b-tagging algorithms are essentially track-based tags that search for evidence of a secondary vertex [41, 42] . While they frequently use neural nets and multiple inputs, their efficiencies are predominantly determined by the impact parameter of a jet's tracks and the mass of its reconstructed SV. Although light jets also contain secondary vertices (e.g.
S /Λ decay or material interaction [43] ), this background is largely reducible for jets with p T < 300 GeV, giving track tags high b jet efficiency (50-80%) and light jet fake rates of O(1%). Above p T = 300 GeV, the increasingly boosted nature of the jet makes track-tagging difficult. Boosted tracks bend less, and are thus harder to constrain and more sensitive to tracker resolution and alignment.
These problems are exacerbated in boosted heavy-flavor jets, where the primary hadron can decay after traversing one or more pixel layers, making it difficult or impossible for its daughters to produce the "high purity" tracks needed by most SV tagging algorithms.
Additionally, if these collimated daughters strike adjacent pixels, they can create a "merged cluster" which also hinders reconstruction [42, 44] . These problems are well exemplified
by Fig. 12 of Ref. [45] , where the light-jet fake rate of the "track counting high purity" algorithm increases 100-fold as jet p T increases from 100 GeV to 1 TeV.
Another component of current b-tagging algorithms is p rel T tagging, which measures the momentum of leptons transverse to the centroid of their jet. Compared to light hadrons, heavy hadrons have a larger mass and carry a larger fraction of their jet's momentum; thus, leptons produced by heavy hadrons will have more energy and will arrive at wider angles inside the jet. These effects conspire to produce larger values of p rel T [45, 46] . Since electrons are difficult to identify inside jets, p rel T tagging generally utilizes only muons. In ATLAS and CMS, muon p rel T tags give ∼10% b jet efficiency and a light jet rejection (inverse tagging efficiency) of about 300 [46] . However, once jet p T exceeds about 140 GeV, the underlying boost makes p rel T distributions for heavy and light jets nearly indistinguishable [37] , precluding the tag.
B. The µ x boosted-b tag
The failure of existing tagging methods to adequately reject high-p T light jets is a problem.
For track tagging, it is essentially a problem of detector resolution, so any improvements will likely involve novel utilization of the hardware and track observables. For p rel T tagging it is potentially a problem of definition; p rel T dilutes a well measured muon angle with a more poorly measured muon energy. This drove the development of the "boosted-bottom tag" [21] , a purely angular tag on jets containing muons within ∆R = 0.1 of their centroid.
This tag achieves nearly ideal signal efficiency (given the muonic branching fraction), but suffers from a continuous rise with energy in light jet fake rate. Since the centroid of an entire jet is not necessarily aligned with the B hadron's decay, and the boost cone of muon emission should tighten as the boost increases, b jet decay should be reexamined in the context of jet substructure. This will provide the basis for a new heavy-flavor tag, which we dub the "µ x boosted-b tag."
Theory of the µ x tag
Consider a jet containing a B meson that decays semi-muonically. In the decay's centerof-momentum (CM) frame, the muon is emitted with speed β µ,cm and angle θ cm with respect to the boost axis (see Fig. 1 ). In the lab frame, the B meson's decay products are boosted (by γ B ) into a subjet with a hadronic "core" (which is typically a charm hadron) with four-momentum
and the muon now makes the angle θ lab with the B meson's direction.
Lab CM

FIG. 1:
Nomenclature for the center-of-momentum frame and boosted lab frame.
Using basic kinematics, we can define a lab frame observable
where κ ≡ β B /β µ,cm . While κ depends on the boost of the muon in the CM frame -which is generally not measurable -x itself has almost no dependence on κ when the system is sufficiently boosted (γ B γ µ,cm 3), as κ → 1 in this limit. Fortuitously, the kinematics of both B meson decay and the jets of interest (jet p T > 300 GeV) ensure this condition, giving lab frame muons from boosted B meson decay a nearly universal x distribution.
, the differential muon count N is
When κ ≥ 1, dN/dx can be written in the lab frame as
where
Here, K(x, κ) enforces the boundary of the boost cone; i.e., when γ B γ µ,cm , the maximum value of x which a lab frame muon can achieve is x = γ 2 µ,cm − 1. As K(x, κ) → 1 in the boosted limit (κ = 1), the muon distribution in x approaches a universal shape 2x/(x 2 + 1) 2 . We see the approach to this limit in Fig. 2 , where the distribution of muon count vs. x is shown for several muon boosts γ µ,cm . Since the typical muon boost in the CM frame γ µ,cm > 3, where deviations from the universal shape are small, the dN/dx of a typical muon is well represented by the boosted limit. This makes this universal shape useful for identifying muons from a boosted decay.
Assuming that all muons follow the universal shape, we calculate the largest value of x which confines a fraction ρ of lab frame muons (i.e. the inverse cumulative distribution),
We define a cut x max = x 90% which accepts 90% of muons compatible with boosted B hadron decay. In addition, we use the hard fragmentation of b quarks to motivate a cut on the p T fraction of the B hadron subjet to the total jet p T
These two cuts (x ≤ x max and f subjet ≥ f min subjet ) define the µ x boosted-bottom-jet tag.
Reconstructing p subjet and measuring x
Although x is defined in terms of an isolated decay of a bottom hadron, p subjet will overlap other energy in the jet. Furthermore, half of a b jet's semi-muonic decays come from charm hadrons. Therefore, it is not possible to measure γ B -only γ subjet . In spite of this limitation,
we will see that it is still possible to reconstruct a meaningful x.
First, jets are clustered using the anti-k T algorithm and a radius parameter R = 0.4.
Muons are allowed to participate in jet clustering, which lets hard muons seed jet formation.
Candidates for µ x tagging must contain a taggable muon (p T,µ ≥ 10 GeV) to ensure good muon reconstruction. While a taggable muon's associated neutrino is inevitably lost, most of the muon and neutrino momentum comes from their shared boost, making the muon an acceptable neutrino analog. We use the simplest choice: p νµ = p µ .
A jet's internal list of candidate cores is obtained by reclustering the jet with the anti-k T algorithm using R core = 0.04; this radius is designed to localize the core to a 3×3 grid, based on the fixed width w of the calorimeter towers ( √ 2w < R core < 2w). All jet constituents are used during reclustering (allowing taggable muons to seed core formation) except towers failing a cut on jet p T fraction (we choose f min tower = 0.05); this reduces the core's sensitivity to pileup, the underlying event, and soft QCD. Since the calorimeter granularity produces an ill-measured core mass, we fix the mass of each core candidate to a charm hadron mass m core = 2 GeV. We identify the "correct" core as the candidate which brings p 2 subjet closest to m B , the nominal mass of the b hadron admixture (we choose m B = 5.3 GeV).
Given our neutrino strategy (p νµ = p µ ), we can study the value of x that will be observed for an arbitrary muon-associated subjet (which could be the remnants of a B hadron, but could also be a random association of jet constituents). Such a subjet can be fully described using three lab frame observables: γ core (the energy of the core), λ = 2E µ /E core (the energy of the muon, relative to the core), and ξ (the lab-frame angle between the muon and the core). Assuming that both the muon and the core are ultra-relativistic in the lab frame (i.e.
where the square root term scales m core to the larger m subjet . This form reveals two distinct ξ regimes, visible in Fig. 3 . When ξ is vanishingly small, x(ξ) ≈ γ core · ξ. For intermediate The x plateau exists because, as ξ rises, every increase in tan(θ lab ) is balanced by an increase in m subjet . Once m subjet m B , the reconstructed subjet is no longer consistent with a B hadron decay. This requires limiting m subjet (we choose m max subjet = 12 GeV), which forces the x of poorly reconstructed (or fake) subjets to abruptly return to a nearly linear ξ dependence. This discontinuity is visible in Fig. 3 . When the plateau is below x max , the maximum taggable ξ is
Thus, for hard muons (λ ≥ x −2 max ), x max is a purely angular cut which scales inversely proportional to the energy of the core, with no additional dependence on the energy of the muon. On the other hand, when the plateau is above x max ,
So for soft muons (λ < x −2 max ), x max is a much tighter angular cut which scales with the energy of both the core and the muon. But unless λ is near x −2 max (the soft/hard muon boundary), ξ soft max is only mildly sensitive to λ. This means that x max is effectively a dual angular cut: a very tight cut for soft muons, a looser cut for hard muons, and a quick transition region (as a function of muon energy) between the two classes. Thus, the µ x tag depends primarily on well measured angles. For convenience, we summarize the parameters chosen for µ x tagging in Table I . 
III. µ X TAGGING RESULTS
We extract the µ x tagging efficiency for individual jets by simulating detector reconstruction for samples of flavored dijets. We generate all samples at √ S = 13 TeV using MadGraph5 v2.2.3 [47] with CT14llo PDFs [48] . We use Pythia 8.210 [49, 50] for all fragmentation, hadronization, and decay, using the default Pythia tune and PDF set for everything except pileup, for which we use the settings described in BTagging efficiencies which are not accurate at high p T (e.g. light-jet fake rates are constant everywhere, and b/c jet efficiencies are constant for jets with p T 150 GeV). The Delphes 3.3 efficiencies for 1-2 TeV jets are now 14-28% for b-tags and 1-2% for light jet fake rates.
Our goal is to provide similar b-tagging efficiency with a factor of 10 improvement in fake rates.
Muon reconstruction efficiencies and p T resolutions are taken from public ATLAS plots [55, 56] for standalone muons (muons seen in the Muon Spectrometer (MS), but not necessarily the main tracker). Because the MS experiences limited punch-through, it can reconstruct muons with p T ≥ 10 GeV with high efficiency (95-99%), even inside boosted jets. Because we focus on the ATLAS MS, our results reflect the holes for detector services and support feet, which cause (i) a dip in muon reconstruction efficiency at η = 0 [57] , precisely where the dijet dN/dη distribution peaks, and (ii) 80% geometric acceptance of the Level-1 muon trigger in the barrel [58] . This latter restriction can be resolved by relying on jet triggers (jet p T or event H T ) to select pertinent events, since µ x tagging only works for high-p T jets.
There are several sources of standalone muon background which we are unable to simulate: (i) cosmic muons, (ii) decay muons from particles produced in the calorimeter shower, (iii) fake muons from punch-through, and (iv) fake muons from noise. Nonetheless, since the µ x tag is effectively a tight angular cut with a reasonably high p T,µ threshold, we expect these backgrounds to be negligible compared to the light jet background which we simulate.
The direction of the core is extremely important in µ x tagging, and tracks would provide the best information. However, the core's intrinsic collimation hampers track reconstruction in a manner difficult to model in a fast detector simulation. As such, we build jets (and cores)
solely from calorimeter towers and muons. The coarse granularity of the hadronic calorimeter (HCal) is mitigated by using the finer granularity of the EM calorimeter (ECal) to orient the combined tower ("ECal pointing"). This is implemented in Delphes' Calorimeter module by giving both ECal and HCal the segmentation of ATLAS's ECal Layer-2 (∆φ × ∆η = 0.025 × 0.025 in the barrel). To ensure that we are not overly sensitive to this resolution, we also test a granularity twice as coarse (0.05 × 0.05), finding negligible degradation in the heavy jet tagging efficiency, with only a slight rise in light jet fake rate (1.2 times larger at p T = 600 GeV, but dropping to no increase at 2.1 TeV).
A. Tagging efficiencies
To test the µ x tag, we create ten 200 GeV wide samples of bb, cc, and jj (j ∈ {u, d, s, g}) spanning p T = 0.1-2.1 TeV. We then find the efficiency to tag the top two jets (ranked by p T ) in each event. Since heavy hadrons from gluon splitting (g → bb/cc) are an inevitable component of our light-jet sample, especially at high p T , it is important to determine the extent to which this background can be reduced. We sort the light jet sample via the truthlevel flavor of a taggable muon's primary hadronic precursor. This classifies each attempted tag as light-heavy (where the muon descends from a b/c hadron inside a jet initiated by a light parton) or light-light (where the muon's lineage is a purely light-flavored).
In TeV-scale jets, we do not attempt any pileup subtraction.
Each p T bin in Fig. 4a sums over all available η jet . When the boosted approximations are valid (jet p T ≥ 300 GeV), the efficiency to tag heavy jets is nearly flat versus p T , while the efficiency to tag light jets decreases slightly. We find asymptotic tagging efficiencies of b = 14%, c = 6.5%, light−light = 0.14%, and light−heavy = 0.5%, respectively. This lightlight rejection provides us the full factor of 10 improvement over existing algorithms. At low-p T (where B hadrons are no longer strongly boosted and track tagging is superior) all µ x efficiencies plummet, although the relative rates remain approximately the same. Notice that pileup actually improves the performance of µ x tagging above 1 TeV, causing almost no degradation in heavy-jet efficiencies, but a significant drop in light-jet efficiency. This is a consequence of the increased probability for light jets to reconstruct a subjet with a low fraction of total jet energy, thereby failing the cut on f subjet .
Since the µ x tag is not effective at low p T , each η jet bin in Fig. 4b requires p T ≥ 300 GeV.
We can see that both heavy and light-light jet efficiencies are flat with η jet . The light-heavy efficiency decreases significantly with |η jet |, indicating a rising rejection of heavy hadron background from gluon splitting. This suggests the intriguing possibility that the g → bb contribution to b jets could be extracted from data, and used to calibrate the Monte Carlo event generators for highly boosted jets.
The underlying physics of µ x tagging is evident in Fig. 5 . The x distribution for bottom jets peaks at x ≈ 0.8 (versus dN/dx, which peaks around x ≈ 0.6). This is due to a convolution of direct-b and secondary-c decay, since c hadron decays peak around x = 1 (Fig. 5b) . In both heavy-jet classes, the f subjet distributions favor subjets carrying nearly all However, since the initial jet momentum must be shared between a pair of heavy hadrons, many light-heavy muons with taggable x fail f min subjet , which suppresses this background.
IV. LEPTOPHOBIC Z
A simple extension of the standard model involves the addition of a broken U (1) symmetry mediated by a heavy neutral Z boson. If the new symmetry is associated with baryon number B, one would not expect to see a dilepton signal, since only SM quarks would be charged. To cancel anomalies, this U (1) B should couple to vector-like quarks, and come with at least one scalar field whose vacuum expectation value breaks the symmetry [11, 12] . Assuming the vector-like quarks are kinematically inaccessible at the LHC, a flavor-independent Z B gauge coupling to SM quarks [11] might lead to dijets being the only detectable signature at the LHC of this new physics.
We would expect the purity of a dijet Z signal to be very low, since QCD production of dijets has an enormous cross section. This is where µ x tagging is useful, as the rejection of light-jet fakes seen in Sec. III A is O(10 3 ). To validate our new boosted-b tag, we simulate a search for a narrow Z B peak above the dijet background at Run II of the LHC (i.e., looking for an excess in the dσ/dm jj ). We examine the experimental reach in two dijet samples:
2-tag and 1-tag inclusive (where N -tag requires at least N of the top two p T -ranked jets to be µ x -tagged).
We model Z B production for a variety of M Z B spanning 1-4 TeV, using pp → Z B → bb/cc(+j). The optional light-jet radiation slightly enhances the overall Z B cross-section, but is mostly useful to improve the differential jet distribution via MLM jet matching [59] in both MadGraph and Pythia (in "shower-kt" mode [60] , using a matching scale of M Z B /20). As before, all reconstruction is performed using our modified Delphes code.
The relevant background is pure QCD, as no other SM processes contain competing cross-sections. Both 2-tag and 1-tag backgrounds contain pp → bb/cc/jj(+j). The 1-tag background also includes a large contribution from jq h → jq h (+j) (a heavy quark scattering off a light parton). To obtain good tagging statistics, multiple background sets are generated, using identical matching parameters as their corresponding signal set.
The minuscule light-jet tagging efficiency forces us to estimate the second tag for the 2-tag light-dijet background sample by using our fit to the light-jet efficiency from Sec. III A as a function of jet p T and η jet . When exactly one leading jet is tagged, we estimate the probability l to tag the other jet, then re-weight the 2-tag events by a factor of
.
When both leading jets are tagged, the event is discarded, otherwise it would be double counted by this method.
Additional cuts for our analysis include a requirement that the pseudorapidity between jets is small |∆η jj | ≤ 1.5 in order to suppress much of the t-channel dijet background. We also require η jet ≤ 2.7 to ensure that both jets fall within the muon spectrometer. While we considered including the effects of higher order final state radiation in our mass reconstruction, we find that adding a hard third jet to the dijet system causes an unacceptable hardening of the QCD continuum. Not including this radiation, combined with the estimation of hard neutrino momenta inherent to µ x tagging, decreases the mass resolution of the intrinsically narrow Z B bosons of this model (Γ Z = The signal and backgrounds for a 5σ discovery of a M Z B = 2.5 TeV Z B boson, using our cuts for the 2-tag and 1-tag analyses, can be seen in Fig. 6 for 100 fb −1 of integrated luminosity at the 13 TeV LHC. The signal to background ratio S/B = 1/2 for the 2-tag sample, indicating an excellent purity. The 1-tag sample has S/B = 1/12, still acceptable given the factor of 12 more signal events that would appear in the sample. The peak in the 1-tag sample is slightly narrower than the 2-tag sample because only one neutrino is estimated in the boosted jet decay. In Fig. 7 we depict the estimated discovery potential for the 2-and 1-tag analyses, along with the 1-tag 95% confidence level (C.L.) exclusion limits, for the LHC Run II with the scheduled luminosity of 100 fb −1 . Comparing our results to the existing exclusions limits presented in Fig. 1 of Ref. [11] , our 2-tag discovery reach is about 500 GeV higher in mass for large g B , and is right at the limit for smaller g B . Not shown in the Figure is the 95% C.L. exclusion limit for the 2-tag search, which is slightly better than the 5σ discovery reach in the 1-tag search. The 1-tag search dramatically improves the mass reach by ∼ 1.5 TeV beyond the current limits at large g B and, more importantly, can attain g B < 1 below 2(3) TeV for discovery(exclusion). Hence, the µ x boosted-bottom tag opens a new window into leptophobic Z boson physics.
V. CONCLUSIONS
In this paper we derive and examine the efficacy of the new µ x boosted-bottom-jet tag.
The µ x tag enables a new class of high purity searches for final states containing b jets in the decays of TeV-scale particles. In Sec. IV we propose the use of the µ x boosted-bottom jet tag to discover a leptophobic Z boson at the 13 TeV Run II of the LHC. We perform two analyses based on the number of µ x boosted-b tags: a high purity analysis with two b tags, and an extended-reach analysis based on a one-tag inclusive sample. We find the potential for discovery of a Z B boson with universal coupling to quarks can be extended by 500-1000
GeV beyond existing 95% C.L. exclusion limits [11] , or to a factor of two smaller coupling
The µ x boosted-bottom-jet tag improves on the idea of using the angle between a muon from B hadron decay and the jet centroid proposed in Ref. [21] . By measuring the angle between the muon and the subjet inside the b-jet that is likely to contain the B hadron remnant, this "smart" angular cut (loose for hard muons, tight for soft muons, and scaling with the boost) obtains efficiencies to tag b-jets, c-jets, light-jets, and light-heavy jets (in which g → bb produces real B hadrons) of b = 14%, c = 6.5%, light−light = 0.14%, and light−heavy = 0.5%, respectively. Since the light-light fake rate is a factor of 10 smaller than current b tag estimates [61] , the µ x boosted-b tag should greatly improve the uncertainties in the search for W → tb at ATLAS [33, 34] .
Several other applications exist for µ x boosted-b tagging, such as the search for heavy
Higgs bosons in general two Higgs doublet models with moderate tan(β) [62, 63] . When boosted-bottom tagging is combined with boosted-top tagging, decays of heavy Higgs bosons should be accessible in the channels pp →btH − →bttb and pp → bbH/A → bbtt. Another important application of µ x tagging is the use of the pseudorapidity-dependent fake rate from gluon splitting to provide an experimental handle to calibrate this contribution to jet showering at TeV energies.
While we derive the µ x boosted-bottom-jet tag from basic kinematics in Sec. II, in this paper we examine its effectiveness at the LHC in the context of the ATLAS detector. This choice is driven by the public ATLAS standalone/non-isolated muon reconstruction capabilities as a function of p T and η [56] . We ensure that our b tag is robust in a realistic detector environment by simulating ATLAS detector subsystems in Delphes, and establishing an insensitivity to the detector details. Given that the µ x boosted-b tag is driven by physical principles, and not detector idiosyncrasies, we are confident it will work as just as well with the CMS detector provided they can reconstruct the non-isolated muons.
Naturally, the µ x tag will require experimental validation using heavy-flavor enriched and deficient control samples from CMS and ATLAS. A comparison of the µ x tag to existing b tags around 500 GeV (the lowest energy with good efficiency overlap) will permit the extension of the µ x tag to the highly boosted regime, where smaller uncertainties are sorely needed. The b jet efficiency could be extracted from tt events (∼36% of which should contain a semi-muonic B decay). To calibrate the light-jet fake rate we suggest looking in a light-jet enriched dijet sample: where one jet lacks a muon and fails a "loose" track-based b tag, and the other jet contains a muon. This tag-and-probe method should enhance the purity of the already large cross section ratio σ jj /σ bb by a factor of 5.
It is possible that additional improvements to the µ x tag can be made using capabilities specific to a given experiment. For example, the final layer of the ATLAS inner detector has very fine φ resolution, while the first layer of the ATLAS ECal has excellent η resolution.
Since the direction of the "core" subjet is more important than the properties of its charged constituents (track quantity, impact parameters, opening angles), it may be possible to interrogate the global nature of the core without attempting to reconstruct its individual tracks. Given enough angular resolution, a direct measurement of m core could replace its manual constraint. This procedure is essentially an extension of CMS' particle flow algorithm to very boosted hadronic substructure.
We have described a new method for tagging boosted (p T > 500 GeV) jets that contain heavy hadrons we call µ x -tagging. This tag significantly improves the purity of b-tagging in the boosted regime, and will greatly extend the reach of searches for physics beyond the standard model. We conclude with the observation that while we have tuned µ x -tagging for boosted b jets, the underlying kinematics of heavy hadron decay is equally applicable to charm jets, and a re-tuning of parameters may provide an enhanced sensitivity to boostedcharm jet tagging.
